In this paper we report a new method that permitted for the first time to selectively track a polysaccharide-based hydrogel on bone tissue explants, several weeks after its implantation. The hydrogel, which was developed for bone healing and tissue engineering, was labelled with a ruthenium complex and implanted into rabbit bone defects in order to investigate its in vivo degradation. 1, 2, 3 and 8 weeks after surgery, the bone explants were analyzed by synchrotron X-ray microfluorescence, infrared mapping spectroscopy, scanning electron microscopy, and optical microscopy after histological coloration. The results showed that the labelled polysaccharide-based hydrogel was likely to undergo phagocytosis that seemed to occur from the edge to the center of the implantation site up to at least the 8th week.
Introduction
Nowadays, the needs for bone repair surgery focus more and more on sophisticated regenerative scaffolds, such as injectable calcium phosphate based material for minimally invasive surgical techniques [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In that context, two original devices made of biphasic calcium phosphate (BCP) granules suspended into polysaccharide-based media were designed in our laboratory about ten years ago [11] [12] [13] [14] [15] [16] [17] [18] [19] . The BCP granules are resorbable ceramic microspheres made of hydroxyapatite and b-tricalcium phosphate in a 60/40-weight ratio, respectively. The polysaccharidebased media are 3 wt% aqueous solutions of a hydroxypropylmethylcellulose (HPMC) or its silylated derivative (HPMC-Si) [20] [21] [22] . The latter can form a crosslinked hydrogel at physiological pH. In fact, the alkoxysilane groups present on this polysaccharide hydrolyze and condensate to form Si-O-Si (siloxane) bonds by varying the pH from basic to neutral. The resulting silylated Injectable Calcium Phosphate Ceramic Suspension (ICPCS-Si) self-sets into a hard 3D scaffold once injected into bone defects, thus avoiding its dispersion around the implantation site.
In previous in vitro and in vivo investigations, the ICPCS-Si material showed a satisfying biocompatibility and bioactivity [23] making it worthwhile to be considered for clinical trials, in addition to the fact that the HPMC-Si hydrogel itself showed promising properties for tissue engineering [24] [25] [26] [27] [28] [29] . For those purposes it is essential to understand the degradation of the ICPCS-Si material and particularly, the HPMC-Si hydrogel. It is well known that the BCP granules can solubilize into body fluids and be resorbed by osteoclasts [30] , but no investigation was done about the degradation of the HPMC-Si polymer. This cellulose derivative could be degraded by cellulase into b-glucose units similarly to cellulose, but besides some plants and animals, such as micro-organisms and ruminants, most of the animals, including humans, do not produce this enzyme. Therefore, the polymer may diffuse into body fluids or may be degraded by phagocytes, unless it is not removed from the implantation site. To address this issue, it was necessary to track the polymer after its in vivo implantation. No histological coloration permitted to selectively do that as the bone tissue contains other types of carbohydrate-based compounds. The solution was then to label the polymer prior to implantation, and consequently to develop a labelling method that would be in accordance with the conditions of use of the polymer, with long-term experiments, and with an analytical method of bone explants. Considering the limits of radiolabelling techniques, we proposed [31] to synthesize a ruthenium-based label that can be selectively detected by X-ray microfluorescence under synchrotron radiation, and that will be covalently bonded to the polymer via Si-O-Si bonds. Briefly, the label is a silylated tris-bipyridine ruthenium complex that is mixed with the HPMC-Si polymer in water at pH 12.4. After addition of an acid buffer, the silanolate groups present on both compounds randomly cross-condensate into Si-O-Si bonds to form a labelled hydrogel at pH 7.4 ( Fig. 1) .
In the present paper, this labelling method was used to probe the HPMC-Si and ICPCS-Si materials after their implantation into femoral epiphysis defects of rabbits. 1, 2, 3 and 8 weeks after surgery, the animals were sacrificed and the resulting explants were analyzed by synchrotron X-ray microfluorescence, infrared mapping microscopy, scanning electron microscopy, and also by optical microscopy after Movat colorations. Prior to the main study, the cytotoxicity of the labelled materials was evaluated by in vitro and in vivo assays.
Materials and methods

Preparation of the ruthenium labelled HPMC-Si hydrogel and ICPCS-Si
All the following procedures were performed under sterile conditions. 7.5 mg (6.5 mmol) of bis(2,2 0 -bipyridine)(5-methyl-5 0 -(3-(triethoxysilyl)propylcarbamoyloxy)methyl-2,2 0 -bipyridine)ruthenium (II) bis(hexafluorophosphate) prepared as previously described [31] were mixed with 8 ml of a steam sterilized 3 wt% basic aqueous solution (pH ¼ 12.4) of a silylated hydroxypropylmethylcellulose (HPMCSi) [20] . Briefly, the HPMC-Si polymer is a commercial hydroxypopylmethylcellulose (E4 M Ò , Colorcon-Dow chemical, France) modified by 3-glycidoxypropyltrimethoxysilane via a nucleophilic epoxide opening that occurred under heterogeneous conditions. The resulting Si content of the polymer used herein was 0.59 AE 0.03 wt%.
Case 1 (unrinsed and in situ crosslinked materials): similarly to the typical conditions of use of the HPMC-Si and ICPCS-Si materials [12] , 1 volume of 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES) buffer A (pH ¼ 3.6) or 0.5 volume of HEPES buffer B (pH ¼ 3.2) was mixed with 1 volume of the basic mixture of HPMC-Si/ruthenium complex, and in case of labelled ICPCS-Si implantations, 40 or 50 wt% of BCP granules of either 40-80 mm (from Biomatlante, France) or 80-200 mm [32, 33] were also added, respectively. One hour to one hour and a half after the addition of the buffer, and while the viscosity of the mixture was low enough (about 0.05-0.2 Pa.s without the BCP granules) [34] , 0.5 ml of labelled HPMC-Si or ICPCS-Si were implanted per rabbit bone defect. In case 1, the labelling reaction was not allowed for completion, which implied that a part of the unattached label may have diffused around the implantation sites.
Case 2 (rinsed and ex situ crosslinked materials): as a control of the possible label dispersion, the typical conditions of use of the HPMC-Si hydrogel and ICPCS-Si were modified. The labelling procedure was thus carried out in culture wells and the resulting mixtures were left up to 14 days in order to optimize the yield of the labelling reaction (previous visco-elastic measurements of the hydrogel during its reticulation showed 80% of reaction progression after 48 h and 100% after 3 weeks). Each sample was then rinsed several times with deionized water until colorless solutions were obtained (the label is orange). According to previous labelling studies, the percentage of label covalently linked to the polymer reach about 30% of the initial loading (i.e. 830 ppm of Ru) [31] . Fragments of the resulting self-hardened labelled hydrogel and ICPCS-Si were then introduced into rabbits bone defects and also into subcutaneous pockets in case of labelled hydrogels only (see below x2.3). Contrary to case 1, the materials were reticulated and washed to remove unattached label prior to implantation.
Viability of chondrocytes cultured in presence of labelled HPMC-Si hydrogel
The human chondrocytic cell line SW1353 [35] was cultured in DMEM/Ham's F-12 medium supplemented with 10% FCS, 1% penicillin/streptomycin and 1% L-glutamine (culture medium) and incubated at 37 C in a humidified atmosphere of 5% CO 2 . Culture medium was changed every 2-3 days. Cellular viability was measured using a Methyl Tetrazolium Salt (MTS) assay as previously described [36, 37] . Briefly, SW1353 were allowed to attach in 24-well plates at a final density of 10,000 cells/cm 2 . After 24 h, culture medium was removed and 500 ml of rinsed ruthenium labelled hydrogel (case 2) were added in each well. Samples were incubated at 37 C for 4 h before adding 1 ml of culture medium. As controls, cells were also cultured in absence of labelled hydrogel (control A), and in presence of actinomycin-D (5 mg/ml), an inhibitor of RNA polymerase [38] , which was used as a potent inducer of cell death. After 1, 2 and 7 days, hydrogel and culture media were removed and a MTS solution was added in each well for 1-3 h according to the manufacturer's instructions. Finally, colorimetric measurements of formazan dye were performed on a spectrophotometer with an optical density reading at 490 nm. Results were expressed as relative MTS activities compared to the control A. Each experiment was repeated at least twice with similar results. Results are expressed as mean AE SEM of triplicate determinations. Comparative studies of means were performed by using one-way ANOVA followed by post hoc test (Fisher's projected least significant difference) with a statistical significance at P < 0.001.
Animal model and surgical procedures
All animal handling and surgical procedures were conducted according to European Community guidelines for the care and use of laboratory animals (DE 86/ 609/CEE). The study was approved by the local animal care and safety committee. The experiments were performed according to Good Laboratory Practices (GLP) at the Veterinary School of Nantes. 
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Eleven adult female New Zealand White (NZW) rabbits weighing approximately 3-4 kg were purchased from a professional breeder (Charles River Laboratories, L'Arbresle, France). The animals were placed in quarantine for at least 10 days prior to surgery. General anesthesia was performed using an intramuscular injection of ketamine (Imalgè ne 1000 Ò , Mé rial, Lyon, France) and xylazine (Rompun Ò , Laboratoire Bayer Pharma, Puteaux, France). The anesthesia was maintained by intravenous injection with a mixture of ketamine and xylazine.
Subcutaneous implantation
The lumbar area was shaved, disinfected and prepared for surgery. The skin was incised, small pockets were created with blunt dissection, then filled with ruthenium labelled or unlabelled HMPC-Si hydrogels (2 independent sites per animal). Skin was sutured using degradable sutures (Polysorb Ò 3-0, France).
Femoral implantation
The animals were surgically prepared by shaving both limbs, skin disinfection with iodine solution and sterile draping. A longitudinal skin incision was made to expose the distal lateral femoral condyle. A critical defect [39] of 6 mm in diameter and 10 mm in depth was created at the epiphyseal-metaphyseal junction by using a motor-driven driller (Aesculap, Tuttlingen, Germany). The drilling process was achieved in 3 successive steps using burs of 2, 4, and 6 mm in diameter. During the drilling process, the defect site was continuously irrigated using a syringe of sterile saline solution. Bone chips and particles were removed from the defects by irrigation with saline solution. The defects were then packed with sterile swabs gauzes until bleeding had subsided. The femoral cavity was then filled with either ruthenium labelled or unlabelled materials (HPMC-Si hydrogel or ICPCS-Si). The subcutaneous tissues and skin were closed in different layers using degradable sutures (Safil dé c.3 Ò B. Braun Laboratory, France). The surgical site was finally covered with an adhesive bandage.
No prophylactic antibacterial or anti-inflammatory treatments were administrated after surgery. 1, 2, 3 and 8 weeks after implantation, the animals were anaesthetized and sacrificed by intracardiac overdose of sodium pentobarbital.
Preparation of thin bone sections
Some of the rabbit bone explants (issued from case 1) were fresh-frozen cut into 30-150 mm-thick slices at À20 C with a Jung CM3000 cryomicrotome (Leica, France) equipped with a steel blade. The explants were previously fixed on the removal sample stand of the apparatus with Tissue-Tek Ò O.C.T. (Optimal Cutting Temperature) compound (from Miles, diagnostics division, USA) by immersion into liquid nitrogen. Once the fresh-cutting was achieved, those bone explants, as well as the other ones (issued from case 2), were dehydrated by successive immersions into baths of 10% formol, and ethanol/acetone of gradient concentrations prior to being embedded into glycolmethylmethacrylate (GMMA). The resulting resin blocks were cut into 7-200 mm-thick slices on a Leica SM2500 (France) equipped with a tungsten blade.
Synchroton X-ray microfluorescence analysis
Synchroton X-ray microfluorescence analysis was performed on fresh-frozen and resin embedded bone slices on the beamline ID18F (6-28 keV, 1.5 Â 12 mm
2 ) at ESRF (Grenobles, France) and on the beamline L (2-80 keV, 30 Â 30 mm 2 ) at Hasylab (Hamburg, Germany). The ruthenium, calcium, and iron K alpha emission bands (noted RuKa, CaKa, and FeKa) were measured at 19.15 keV, 3.69 keV, and 6.39 keV, respectively. The fitting and the plotting of the data were obtained using the PyMca software.
Histological and histomorphometrical analysis
Only the resin embedded bone slices of 7 mm-thick were stained with Movat's pentachrome [40, 41] and then analyzed on a Nikon Eclipse TE2000-E Inverted Microscope (Solent Scientific limited, France). Some resin embedded bone blocks were coated by a gold/palladium alloy prior to being analyzed by Scan Electronical Microscopy on a LEO 1450 VP. The image processing was run on a Leica Quantimeter 500 (Cambridge, UK).
FTIR analysis
Before FTIR analysis, the sections were polished using silicon carbide paper and a variable speed grinder-polishing machine (Buehler, model Metaserv 2000). The micro-infrared spectra were recorded on a Magna IR 550 spectrometer (Nicolet) coupled to a ThermoElectron Continuum microscope (Â15 ThermoElectron Infinity corrected Reflachromat objective), with a mercury-cadmium-telluride detector (MCT-A). The transmission spectra were carried out on thin sections (7 mm) the corresponding expected components. The resulting profiles were obtained by integrating the area under the peaks at 1700-1600 cm À1 (amide I) and 1200-900 cm À1 (n 1 ,n 3 phosphate).
Results
Viability of chondrocytes cultured in the presence of the labelled HPMC-Si hydrogel
The viability of SW1353 chondrocytes cultured in 2D in the presence of the rinsed labelled hydrogel was examined by MTS assays realized after 1, 2 and 7 days. The results (Fig. 2) showed that for 1 and 2 days of culture, the presence of the labelled hydrogel reduced the MTS activity of chondrocytes by 30 and 45%, respectively. During the first 2 days, an undefined portion of the culture media is absorbed by the hydrogel, making the nutrients probably less available for the cells. However, after 7 days and several renewals of culture media, there was no significant variation of the MTS activity between the chondrocytes cultured in the presence and in the absence of the labelled hydrogel. The cells seemed to have recovered their activity, probably because of an increase of the culture media availability due to the saturation of the hydrogel. The labelled hydrogels seemed to be non-cytotoxic after 1 week of cell culture.
Evaluation of the in vivo biocompatibility of the labelled HPMC-Si hydrogel and ICPCS-Si
In subcutaneous and bone implantation sites, no evidence of adverse foreign body reaction was observed in the presence of the rinsed labelled materials as compared to the controls (unlabelled materials). The subcutaneous explants showed that both labelled and unlabelled hydrogels were encapsulated into a fibrous tissue whose edge was invaded by macrophagic cells. No vascular or cellular invasion occurred within these implants, but the amount of hydrogel was significantly lower after 8 weeks as compared to 2 weeks. In contrary, the bone explants showed the presence of vessels and cells within the implants but no evidence of osteolysis or formation of fibrous interface for both labelled and unlabelled ICPCS-Si. After inclusion into resin, these bone explants were analyzed by scanning electron microscopy to compare the osseointegration of the labelled and unlabelled materials [23] . Considering the number of rabbits implied in this study (3 per condition), only qualitative comparisons were made, showing no remarkable difference between the both materials. After 2 weeks (Fig. 3A ) trabecular bone ingrowths were present at the periphery of the bone defect mainly, whereas after 8 weeks (Fig. 3B ) the bone colonization has significantly increased and extended to the center of the implant.
3.3. Distribution of ruthenium labelled HPMC-Si hydrogels within the implantation sites after 1, 2, 3 and 8 weeks 3.3.1. Unrinsed and in situ crosslinked labelled hydrogels (case 1) 1 and 3 weeks after implantation in femoral epiphysis defects of rabbits, the X-ray microfluorescence analysis performed on freshfrozen slices from the explants showed that most of the ruthenium was dispersed all over the bone area surrounding the implantation site (Fig. 4a-c) . Inside the defect itself, very low proportions of ruthenium were observed, as well as an accumulation of iron, which may result from the bleeding during the surgical operation. After inclusion into GMMA resin, the same explants were thin cut (7 mm), and the resulting deeper sections were stained by a Movat coloration prior to being observed by optical microscopy. The images (not shown) revealed that the implantation sites were filled with some dehydrated hydrogel surrounded by a connective tissue and some unidentified cells. The dehydration of the hydrogel and the difficulties in identifying the cells were a consequence of the frozen cutting. (2009) 1-10 
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Rinsed and ex situ crosslinked labelled hydrogels (case 2)
After 2 weeks, the ruthenium was mainly located inside the bone defect and trabeculae (Fig. 5a) . No dispersion of ruthenium all over calcium areas was found. The micro-infrared analysis using an Attenuated Total Reflectance (ATR) method allowed localizing mineralized bone areas via the phosphate vibration bands n 1 and n 3 at 1200-900 cm
À1
, and the protein areas via the amide I vibration band at 1700-1600 cm
. The spectra acquired along a virtual line of 2.2 cm crossing a bone stripe and two separated ruthenium areas (Fig. 5b) confirmed the presence of phosphate and proteins in the bone stripe. It also showed the penetration of proteins inside the labelled hydrogel area up to 0.2 cm in depth from the edge of the mineralized bone zone. A Movat coloration of the same bone section revealed the presence of polynucleated macrophages and vessels within the implantation site, around the rest of the hydrogel (Fig. 5c) . After 8 weeks, only very few areas of low ruthenium concentration were still present. In fact, only 1 of 3 explants showed a detectable amount of ruthenium, which was accumulated in a well-defined area inside the bone defect (Fig. 6) , and surrounded by macrophages (not shown).
Distribution of ruthenium labelled ICPCS-Si within the implantation site after 1, 2, 3 and 8 weeks
The X-ray microfluorescence analysis of the ex situ crosslinked labelled ICPCS-Si material before implantation showed that the ruthenium label tended to concentrate around calcium phosphate granules (Fig. 7) . Observations were similar with implanted materials (see below).
Unrinsed and in situ crosslinked labelled ICPCS-Si (case 1)
After 1 week, the ruthenium was located near the calcium phosphate granules, which means from the center of the defect up to its edge (Fig. 8a) . A moderate diffusion of the ruthenium over the mineralized bone area was observed only at the periphery of the implantation site, where the osseo-integration of the calcium phosphate granules first took place as seen after a Movat coloration of the explant (Fig. 8b) . The optical microscope image clearly showed that the calcium phosphate granules (blue) were surrounded and interconnected by osteoids (red). After 3 weeks, the distribution of the ruthenium probe was similar, and the implanted material was surrounded by polynucleated macrophages (not shown).
Rinsed and ex situ crosslinked labelled ICPCS-Si (case 2)
After 2 weeks, the distribution of the ruthenium seemed to be less homogeneous over the calcium phosphate granules, and did not expand to the peripherical mineralized bone areas (Fig. 9a-b) . Additional infrared analysis (Fig. 9c) showed the presence of proteins over the surrounding mineralized bone areas as well as within the implantation site where no calcium phosphate was present. The histological analysis of the same sample revealed the presence of macrophages within the defect (not shown). After 8 weeks, only few ruthenium areas were detectable, which were systematically located near calcium phosphate granules (Fig. 10a) . Once again, many macrophagic cells were observable around the ICPCS-Si material (Fig. 10b, right) . Further infrared analysis also showed the presence of proteins inside and near new mineralized bone areas located at the periphery of the implanted material (Fig. 10c) .
Discussion
The probing method used in this work is a new technique that permitted for the first time to selectively localize a polysaccharidebased hydrogel on bone tissue explants after several weeks of implantation. In the same fashion it would be possible to track various type of compounds by modulating the grafting group of the ruthenium label (i.e. the alkoxysilane group). It may be an efficient alternative to radionucleid labelling techniques, which imply expensive specific equipment and short-term experiments (only few days). Synchrotron X-ray microfluorescence is an interesting analytic method to map tissue slices. The main limit of this technique is the acquisition time, which depends on the concentration of the tracked element, the size and the thickness of the sample, the number of recorded pixels, and the size of the beamline (e.g. HASYLAB and ERSF beamlines are different). For example, to map a 100 Â 100-mm 2 area with a high resolution (steps not greater than the size of the beamline) and an acquisition time of 100 s per pixel would take about 17 h at the ESRF. Thus, low-resolution mapping and line scans were the quickest way to analyze few millimetre square areas, in addition to the fact that the access to the beamlines was limited. The combination of X-ray microfluorescence with more classical analytical methods, such as infrared mapping, SEM, and histological coloration, led to the needed information. Firstly, we showed no evidence of cytotoxicity due to the presence of the ruthenium label on HPMC-Si hydrogels after 7 days of cell culture. The osseo-integration of the ICPCS-Si materials seemed to qualitatively remain the same in the presence or in the absence of the label. Those results confirmed the relevance of our labelling method. The use of chrondrocytes cells, which are specific to cartilage applications, referred to a previous cytotoxicity assays realized in the presence of the unlabelled HPMC-Si hydrogel for a study concerning the used of the HPMC-Si hydrogels in cartilage tissue engineering [42] . We presumed that the results would likely be similar with MC3T3 cells, which are specific to bone applications.
A limited number of rabbits (11) were implanted in order to minimize the number of sacrificed animals and to reduce the time and the cost of the present study. Various implantation times were chosen: 2 and 8 weeks for the ex situ crosslinked materials (case 2) in comparison with typical protocols found in the literature, and shorter times (1 and 3 weeks) for the in situ crosslinked materials (case 1), as the ruthenium label was likely to disperse prior to binding to the polysaccharide. Also, considering the unattached ruthenium label, we chose to fresh-frozen cut the bone explants issued from case 1 for the X-ray microfluorescence analysis as the ethanol/acetone bathing step of the resin embedding protocol may have removed the unattached ruthenium label off the samples. Case 1 (unrinsed and in situ crosslinked materials) was supposed to reflect the typical way of use of the ICPCS-Si material in bone healing applications. The limit of the labelling reaction (slow and incomplete) led to case 2 (rinsed and ex situ crosslinked materials), which in a certain way reflects the use of the HPMC-Si in tissue engineering applications (i.e. implantation of a reticulated hydrogel with embedded cells) [28, 42] . Also, considering that the materials are normally injected slightly before their gelation time, we expected that the degradation profile of the ex situ crosslinked materials would be similar to the in situ ones, at least on a longterm basis, such as 2 weeks or more.
As expected for the unrinsed and in situ crosslinked materials (case 1), the results showed that the ruthenium probe had not enough time to react with the polymer prior to being in contact with the animal body fluids, which resulted in a dispersion of the unattached label around the implantation sites. This was particularly relevant for the hydrogel 3 weeks after implantation, for which the ruthenium has spread all over the surrounding mineralized bone.
For the rinsed and ex situ crosslinked materials (case 2), the ruthenium probe was detected within the implantation sites only, which indicated that the label was properly attached to the polymer. Thus, the distribution of the ruthenium better reflected the location of the probed materials. The results showed that the HPMC-Si hydrogel did not diffuse within the bone matrix and that it was detectable after at least 8 weeks in the limits of our experimental conditions (the probe loading, the amount of implanted hydrogel, the thickness of the bone slices, and the characteristics of the synchrotron beamlines). After 8 weeks, only few areas of low ruthenium concentration were found as compared to 2 weeks of implantation. Those areas were systematically located inside the implantation sites, near BCP granules or new bone ingrowths when present. This demonstrated that the HPMC-Si hydrogel was mostly degraded or removed after 8 weeks, and that these phenomena were concomitant with the resorption of the BCP granules when present. Considering the macrophagic cells concentration around the remaining implanted materials and the significant decrease of the amount of hydrogel between 2 and 8 weeks, it seems reasonable to assume that the reticulated hydrogels underwent phagocytosis until at least the 8th week. This hypothesis would be in agreement with the observations of the subcutaneous implantations (see the biocompatibility assays), and a previous work reporting inflammatory reactions due to reticulated gels [43] . As seen on infrared maps after 2 weeks, the diffusion of proteins within the reticulated hydrogel seemed to be slow, probably because of the density of the network. However, after 8 weeks and in presence of BCP granules, some proteins were found within the implantation site, near new bone areas only. The resorption of the granules may then enhance the diffusion of protein within the materials.
Conclusion
The probing method used in this study permitted for the first time to well-localize a polysaccharide-based hydrogel several weeks after its implantation in bone defects in rabbits. This investigation allowed us to better understand the in vivo degradation of our HPMC-Si hydrogel, which is used in bone healing and tissue engineering. As predicted, the results showed that the HPMC-Si hydrogel was likely to undergo phagocytosis that seems to occur from the edge of the implantation site to its center up to at least the 8th week. This demonstrated that the HPMC-Si hydrogel is biodegradable. Further investigations using X-ray fluorescence techniques at the nanoscale will be run to detect the presence of the hydrogel within the inflammatory cells and to confirm the suggested phagocytosis. The use of our ruthenium label or some analogues, along with the X-ray microfluorescence as a probe detection method might be extended to other in vivo biological evaluations. Indeed, the ruthenium probe seemed non-cytotoxic if well-attached to the substrate. It is absent from biological systems, and it can be selectively detected by X-ray microfluorescence even at low concentration (i.e. 0.5 ppm). assistance in using beamlines ID18F and L, respectively. We also thanks Anne Moreau (Anapathologist at the Nantes Hospital) for her help in interpreting histological slices, Sophie Sourice for the histological colorations, Paul Pilet for the SEM images, and Biomatlante (Vigneux de Bretagne, France) for kindly giving MBCP Ò granules.
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